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Progress Report July 31, 2012 
Title: Targeting homology-directed recombinational repair of chromosomal breaks to sensitize 
prostate cancer cells to poly (ADP-ribose) polymerase (PARP) inhibition 
Principal Investigator:  Shih-Hsin Eddy Yang, M.D., Ph.D. 
 
INTRODUCTION:  Agents that target cancers which are deficient in double strand break (DSB) 
repair, such as poly (ADP-ribose) polymerase-1 (PARP1) inhibitors, have been demonstrated to have 
highly selective killing (57 fold) of BRCA1-mutated tumors while maintaining minimal toxicity in normal 
tissues(1-5).  However, the majority of prostate cancers carry wild-type(WT) BRCA1(6,7) and express 
elevated BRCA1 levels compared to normal prostate tissue(8). Thus, to enhance the utility of PARP1 
inhibitors in patients with prostate cancer, we proposed to sequester WT-BRCA1 from the nucleus 
where DSBs are repaired to the cytoplasm where apoptosis is activated to render a DSB repair defect 
and augment the cytotoxic response to PARP1 inhibition in prostate tumor cells.  By inducing a DSB 
repair deficiency, sensitization of prostate cancers to PARP1 inhibitors can be an innovative 
therapeutic strategy and enhance therapeutic ratio for the majority of patients with prostate cancer.  
 
BODY: We proposed the following tasks for the first 24 months of this grant as stated below and 

report the progress as follows: 
 
Task 1.  Determine whether IR-induced BRCA1 nuclear export will sensitize prostate 

cancer cells to PARP1 inhibition, and to determine whether these effects are 
dependent on CRM1 (Months 1-12): 
A) Assess the sensitivity of irradiated prostate cancer cells to PARP1 inhibition (Months 

1-6) 
a. Dose response to varying doses of IR (2 – 4Gy) and BRCA1 location by IHC 
b. Time course of BRCA1 nuclear export following IR (4-48hrs following IR) 
c. Sensitivity of irradiated prostate c ancer cells to PARP1 inhibition (dose and  

time factors) via soft agar colony formation ability 
B) Determine whether sensitization of irradiated prostate  cancer cells to PARP1 

inhibition is dependent on CRM1 (Months 6-12) 
a. Dose response of leptomycin B to inhibit IR-induced BRCA1 nuclear export 
b. Sensitivity of irradiated prostate c ancer cells to PARP1 inhibition following 

blockade of IR-induced, CRM1-mediated BRCA1 nuclear export 
 
Progress on Task 1A:  We have performed time course and dose response of LNCaP cells to 2-4 Gy 
IR and assessed BRCA1 location following such treatment.  Interestingly, as shown in Fig.1, BRCA1 
subcellular localization is altered (reduced nuclear with concomitant increased cytosolic) as early 
as16 hrs following IR and persists up to 72hrs (data not shown).  Doses of IR as low as 3Gy can 
achieve this shift of BRCA1 from the nucleus to the cytoplasm.   

Given that IR can shift BRCA1 from the nucleus to the cytoplasm away from its repair 
substrates, we next hypothesized that prostate cancer cells exposed to IR will subsequently have a 
homology-directed recombination repair defect.  To test this hypothesis, we utilized LNCaP cells 
stably expressing the DRGFP HDR repair substrate.  In this assay, HDR activity correlates with GFP 
expression following the induction of a DSB generated by a restriction endonuclease.  As shown in 
Fig. 2, IR indeed reduced % of GFP positive cells.   

Lastly, given that IR reduces nuclear BRCA1 and subsequently generates a HDR repair 
defect, we next assessed tumor susceptibility to PARP inhibition following IR.  Consistent with our 
hypothesis, sensitivity of irradiated prostate cancer cells to the PARP inhibitor ABT-888 as assessed 
by colony formation assays is augmented (Fig. 3).   

These results suggest that IR generates a HDR repair defect by sequestering BRCA1 in the 
cytoplasm and subsequently, prostate tumor cells are rendered susceptible to PARP inhibition. 
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Additionally, it was previously reported that IR-induced BRCA1 nuclear export in breast cancer 
cells is dependent on p53.  To assess whether BRCA1 nuclear export following IR in prostate cancer 
cells is also p53 dependent, we next performed the above experiments in PC-3 prostate cancer cells, 
which are deficient in p53.  As shown in Fig. 4, IR does not result in BRCA1 nuclear export in PC-3 
cells.  Given this finding, we hypothesized that IR would not augment PC-3 cellular susceptibility to 
PARP inhibition.  This is indeed what is observed (Fig. 5). 
 
Progress on Task 1B:  Previous reports suggest that IR-induced BRCA1 export is also dependent on 
CRM1.  To test this hypothesis, we proposed that the CRM1 inhibitor leptomycin B would inhibit IR-
induced BRCA1 export.  As shown in Fig. 6, in the presence of leptomycin B, BRCA1 export is no 
longer apparent following IR.  Additionally, leptomycin B prevented the IR-induced deficiency in HR 
(Figure 7), and subsequently prevent IR-induced synthetic lethality with PARP inhibition in LNCaP 
prostate cancer cells (Figure 8).   Taken together, our data suggest that indeed IR induces BRCA1 
nuclear export to generate a HR deficiency, which subsequently sensitizes prostate tumor cells to 
PARP inhibition.  These effects are all dependent on CRM1, as leptomycin B, which inhibits CRM1, 
abrogates the observed effects. 

  
KEY RESEARCH ACCOMPLISHMENTS FOR TASK 1:   

- IR induces BRCA1 nuclear export in LNCaP but not the p53 deficient PC-3 cells 
- IR generates a HDR repair defect in LNCaP cells 
- IR induces synthetic lethality with PARP inhibition in LNCaP cells but not PC-3 cells 
- Inhibition of CRM1 with leptomycin B abrogates IR-mediated BRCA1 export 
- Inhibition of CRM1 with leptomycin B abrogates the IR-induced HR deficiency 
- Inhibition of CRM1 with leptomycin B abrogates synthetic lethality of IR and PARP inhibition 

 

4



FIGURES FOR TASK 1: 
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Figure1. IR increases cytosolic BRCA1 and reduces 
nuclear BRCA1 in LNCaP human prostate cancer cells. 

Figure 2. IR reduces HR repair in LNCaP human prostate 
cancer cells. 

Figure 3. IR induces synthetic lethality with the 
PARP inhibitor ABT-888. 

Figure 4. IR does not alter BRCA1 subcellular location 
in the p53 null PC-3 human prostate cancer cell line. 

Figure 5. IR does not induce synthetic lethality with 
ABT-888 in PC-3 human prostate cancer cells. 

Figure 6. IR induced BRCA1 nuclear export is inhibited 
by leptomycin B, suggesting CRM1 dependence. 
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Figure 8. Leptomycin B abolishes synthetic lethality 
between IR and PARP inhibition. 
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Figure 7. Leptomycin B abolishes the HR deficit induced 
by HR.  additionally, it may enhance HR. 
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Task 2.  To transiently reduce nuclear BRCA1 using a tetracycline (tet)-regulated 
expression of tr-BRCA1 and determine its effects on HDR and sensitivity to PARP1 inhibition 
in prostate cancer cells (Months 12-24). 

A) Generate the LNCaP tr-BRCA1-TETOFF/DRGFP stable cell line and validate tet-repressible 
expression of tr-BRCA1 vi a Western blot and integrat ed HDR reporter substrate by  
flow cytometry (Months 12-15) 

B) Validate tr-BRCA1-mediated BRCA1 nuclear export in cl ones via IHC (Months 16-
18) 

C) Determine HDR ca pacity in L NCaPtr-BRCA1-TETOFF/DRGFP cells with and without tr-
BRCA1 using flow cytometric assessment of GFP expression (Months 18-21) 

D) Determine sensitivity of LNCaP tr-BRCA1-TETOFF/DRGFP cells to PARP inhibition with and 
without tr-BRCA1 using soft agar colony formation ability (Months 21-24) 

 
 
Progress on Task 2.  We have had trouble generat ing stable cell lines  expressing both the DRGF P 

repair substrate as well as t he inducible tr-BRCA1.  Howeve r, we were able to perform 
most of our proposed experim ents using a transiently tr ansfected inducible tr-BRCA1 
when needed.  As shown in figure 9, tr-BRCA1 indeed induces BRCA1 nuclear export in 
both LNCaP (p53 wt) and PC-3 (p53 null) cells. In LNCaP cells , tr-BRCA1 effects are 
compared with IR (left panel).  For PC-3 cells, a time course was performed (right). 

 Additionally, HR capacity was  indeed r educed by tr-BRCA1 (Figure 10). Lastly, 
consistent with our hy pothesis, tr-BRCA1 reduced colony formi ng ability of LNCaP and 
PC-3 cells when combined with the PARP inhibitor ABT-888 (Figure 11). 

 
KEY RESEARCH ACCOMPLISHMENTS FOR TASK 2:   
 

- Tr-BRCA1 induces BRCA1 nuclear export in LNCaP and PC-3 cells 
- Tr-BRCA1 generates a HR repair defect in LNCaP cells 
- Tr-BRCA1 induces synthetic lethality with PARP inhibition in LNCaP and PC-3 cells 
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FIGURES FOR TASK 2: 
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Figure 9.  Tr-BRCA1 induces BRCA1 nuclear export independent of p53 status. 
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Task 3.  To validate the role of induced DSB repair deficiency and sensitivity to PARP1 
inhibition in vivo with prostate tumor xenograft models (Months 24-36). 

A) Determine optimal cell number for grafting of  LNCaP xenografts in mice (Months 24-
36) 

B) To assess sensitivity of irradiated prosta te tumor xenografts to PARP1 inhibition by  
tumor growth delay assays (Months 24-36) 

C) To assess resistance of prostate tumor x enografts to PARP1 inhibition following tet-
repression of tr-BRCA1 expression by tumor growth delay assays (Months 24-36). 

 
 
Progress on Task 3:  We have begun LNCaP xenograft experiments to test in vivo effects of IR and 
PARPi.  Currently, we are experiencing quite low tumor graft rates despite varying the tumor cell 
number.  We may need to switch models which have better take rates.  We are in the process of 
contacting Dr. Robert Matusik at Vanderbilt to obtain other models of AR+, p53 wild type prostate 
cancer models such as the CWR-22.  We are also having problems establishing the stable 
expression of tr-BRCA1 in LNCaP cells, despite using a TETOFF system.  It appears the tr-BRCA1 
may be too toxic.  A lentiviral approach will be tried, but given leakiness of TETOFF (and TETON), we 
are assessing other methods to induce stable expression.
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REPORTABLE OUTCOMES:  Provide a list of reportable outcomes that have resulted from this 
training grant to include: 
 
           We have presented data generated from this training grant at the ASTRO Annual Meeting 
2010 and 2011.  Both were invited oral presentations.  Additionally, the 2010 presentation won the 
basic science award at ASTRO. 
 Importantly, training that occurred as a result of this grant has stimulated other research 
projects that investigate other methods of targeting DNA repair to render tumor cells susceptible to 
PARP inhibition.  These projects have resulted in multiple grant awards, including a translational 
scholar award from the Sidney Kimmel Foundation for Cancer Research, and a career development 
award from the AACR/Genentech BioOncology.  We have also submitted grant applications to the 
American Cancer Society as well as Department of Defense BCRP. Importantly, three clinical 
protocols have been initiated as a result of these studies. 
 Also, publications have resulted as a result of these “spin-off” projects.  They are listed as 
follows: 
1. Nowsheen, S, Bonner, JA, Yang, ES*. The poly (ADP-Ribose) polymerase inhibitor ABT-888 reduces 

radiation-induced nuclear EGFR and augments head and neck tumor response to radiotherapy. Radiother 
Oncol 2011. 99: 331 – 338. *Corresponding author  

2. Nowsheen, S, Trummell, H, Whitley, AC, Dobelbower, MC, LoBuglio, AF, Bonner, JA, Yang, ES*. 
Cetuximab induces synthetic lethality with poly (ADP-Ribose) polymerase inhibition in head and neck 
cancer. PLOS One 2011. 6: e24148. *Corresponding author.  

3. Nowsheen, S, Cooper, T, Bonner, JA, LoBuglio, AF, Yang, ES*.  Human HER2+ breast cancer 
susceptibility to poly (ADP-Ribose) polymerase inhibitors independent of a homologous recombination 
repair defect. Cancer Research, in press 2012. *Corresponding author. 

4. Yang, ES, Nowsheen, S, Rahman, MA, Cook, R, Xia, F. Targeting BRCA1 localization to augment breast 
tumor susceptibility to poly(ADP-ribose) polymerase inhibition. Cancer Research, in revision 2012. 

5. Nowsheen, S and Yang, ES*. Targeting human epidermal growth factor receptor pathways to render triple 
negative breast cancer cells susceptible to PARP inhibition. PLoS One, in revision 2012. *Corresponding 
author. 

 
 
CONCLUSION:  In summary, IR induces synthetic lethality with PARP inhibition in LNCaP prostate 
cancer cells.  The mechanism is due to IR-mediated BRCA1 nuclear export and subsequent 
generation of an HDR defect.  These results are dependent on p53 and CRM1.  For tumors without 
wildtype p53, we have found that expression of a truncated BRCA1 (tr-BRCA1) can achieve similar 
results as IR, including BRCA1 nuclear export, inhibition of HDR, and synthetic lethality with PARPi in 
both p53 wildtype and mutated prostate cancer cells.  We are essentially on track with our proposed 
timeline.  Lastly, we have obtained ACURO as well as IACUC approval to start validating our 
observations in vivo, although we are experiencing technical difficulties. 
 
APPENDICES: My CV is appended. 
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Biomedical Sciences        2011- 
 Cell, Molecular, and Developmental Biology theme member within 

the Graduate Biomedical Sciences      2011- 
 Pathobiology and Molecular Medicine theme member within the  

Graduate Biomedical Sciences      2011- 
 Neuroscience theme member within the Graduate Biomedical Sciences 2011- 
 Post-doctoral research day, Judge, Cancer Biology    2011- 
 ACS-Us Too Prostate Cancer Support Group    2011- 
 Lung cancer working group, UAB-CCC     2011- 
 Residency applicant interviewee      2010- 
 Translational Breast Cancer Research Consortium    2010- 
 Breast cancer working group, UAB-CCC     2010- 
 Head & neck cancer working group, UAB-CCC    2010- 
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 Head and neck cancer “Think Tank”      2010- 
 Genitourinary cancer working group, UAB-CCC    2010- 
 Experimental Therapeutics, UAB-CCC     2010- 

 
EDITORIAL BOARD MEMBERSHIPS: 
 PEER REVIEWER: 

 Cancer Research       
 Molecular Cancer Therapeutics 
 Frontiers in Radiation Oncology     
 Cancer Biotherapy and Radiopharmaceuticals   
 Current Molecular Medicine 
 Cancer Letters 
 Head and Neck       
 Frontiers in Medicine      
 J Cancer Science and Therapy      
 Tumor Biology       

 
MAJOR RESEARCH INTERESTS: My laboratory interests focus on the targeting of DNA 
repair pathways to improve the therapeutic ratio.  Specifically, we can enhance tumor 
susceptibility to DNA damage by novel combinations of targeted agents.  Additionally, we 
aim to protect normal brain by augmenting DNA repair pathways. 
 
TEACHING EXPERIENCE: 
 TEACHING: 

 Course co-director, Translational Medicine, University of   2012 
Alabama-Birmingham 

 Lecturer, Carcinogenesis:  DNA repair/Genome stability    2012 
University of Alabama-Birmingham 

 Lecturer, GBS775:  Cancer Treatment, University of    2011 
Alabama-Birmingham 

 Radiobiology Review, DNA repair pathways, University of    2011 
Alabama-Birmingham 

 Molecular Radiation Oncology Lecture Series, University of   2010 
Alabama-Birmingham 

 Clinical Oncology Lecture Series for Vanderbilt University    2006–2010 
Medica Center Medical Physics Program 

 
MENTORSHIP/TRAINING: 
Research  

 Tanu Patel, Summer Internship Biomedical Science Program 
 Amber L. Guidry, PhD student, Dissertation committee member, Pathobiology and 

Molecular Medicine Program 
 Monica Wieglos, PhD student, Dissertation mentor, Cancer Biology Program 
 Jennifer Stanley, MD/PhD student, Dissertation mentor, Cancer Biology Program 
 Monjri Shah, MD, Gyn-Onc Fellow 
 Angela Ziebarth, MD, Gyn-Oncology Fellow 
 Caroline Mills, PhD, Post-doctoral fellow 
 Alex Whitley, MD, PhD, Radiation Oncology Resident, Research mentor, 
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American Board of Radiology Holman Research Pathway   
 Lisa Klepczyk, MD, Radiation Oncology Resident, Mentor, 

Clinical and Translational Science Training Program 
 Aleksander Dragovic, MD, Radiation Oncology Resident 
 Somaira Nowsheen, MS, MD/PhD Student Mayo 
 Alice Weaver, rotation student, MD/PhD Program 
 Joshua Jackson, rotation student, Cancer Biology Program 
 Karla Mihalak, 2nd year graduate student, lab rotation, University of  

Miami School of Medicine.   
 Drew Everhart, 2nd year graduate student, lab rotation, University of  

Miami School of Medicine. 
 
Clinical Resident Rotations 

 Jennifer Hung, MD 
 John Stewart, MD 
 Aleksander Dragovic, MD 
 Marcus Wagner, MD 
 Lisa Klepczyk, MD 
 Grant Clark, MD 
 Alexander Whitley, MD, PhD 
 Markus Bredel, MD, PhD 

 
MAJOR LECTURES AND VISITING PROFESSORSHIPS:   

 Grand Rounds, Emory University, Atlanta, GA    2012 
 Visiting Professor, Washington University, St Louis, MO   2012 
 Invited speaker, Vanderbilt University Research Retreat   2012 
 Guest Professor, Guangdong Medical College, People’s Republic  2012 

of China  
 Mini-symposium speaker, 14th International Congress of Radiation  2011 

Research, Warsaw, Poland 
 Invited speaker, UAB Comprehensive Cancer Center Research Retreat 2011 
 Mini-symposium speaker, Annual Meeting of the Radiation Research  2010 

Society, Maui, Hawaii 
 Invited lecturer, Mid-South Society of Radiation Therapists Spring   2006 

Conference 
 

CLINICAL PROTOCOLS: 
ACTIVE: 
UAB X101214005: A retrospective analysis of DNA repair and EGFR pathway molecular 
markers in HER2/Neu positive breast cancer patients in order to predict response to 
PARP inhibition 
Role: Principal Investigator 
 
UAB X110504004:  Pilot study of the molecular determinants of cellular susceptibility to 
PARP inhibition in an ex-vivo model of human cervical cancer 
Role: Principal Investigator 
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UAB X1219: Molecular determinants of cellular susceptibility to PARP inhibition in an ex-
vivo model of human cholangiocarcinoma 
Role: Prinicipal Investigator 
 
PENDING: 
M10-897:  A Randomized, Double-Blind, Phase 2, Dose-Ranging Study to Evaluate the 
Safety and Efficacy of Veliparib and Whole Brain Radiation Therapy Versus Placebo 
and Whole Brain Radiation Therapy in Subjects with Brain Metastases from Non-Small 
Cell Lung Cancer 
Role: Institutional Principal Investigator  
 
GRANT SUPPORT:  
ACTIVE: 
Physician Research Training Award (PI: YANG) 8/1/10 – 7/31/13 6.6 Cal Months 
PC094457, Department of Defense   $413,949 
Targeting homology-directed recombinational repair (HR) of chromosomal breaks to sensitize 
prostate cancer cells to poly (ADP-Ribose) polymerase (PARP) inhibition 
The major goals of the project are to render prostate cancer cells with intact HR susceptible to 
PARP inhibition with radiation or dominant negative BRCA1 peptide. 
Role:  Principal Investigator 

 
Career Development Award (PI: YANG)  7/1/12 – 6/30/14 0.36 Cal Months 
American Association for Cancer Research  $100,000 
Genentech BioOncology 
HER2 overexpression confers susceptibility to PARP inhibition 
The major goal of the project is to explore the mechanism by which HER2+ breast tumors are 
susceptible to PARP inhibition alone. 
Role: Principal Investigator 
 
Conventional Research Grant (PI: YANG)  2/1/11 – 1/31/14 0.6 Cal Months 
Gabrielle’s Angel Foundation for Cancer Research $225,000 
Mechanisms by which GSK3 inhibition enhances nonhomologous end-joining repair of IR-
induced double strand breaks 
The major goals of the project are to investigate the mechanisms by which GSK3 inhibition 
enhances nonhomologous end-joining repair in irradiated hippocampal neurons and to 
determine whether this is dependent on the tumor suppressor p53 
Role:  Principal Investigator 
 
Translational Science Scholar Award (PI: YANG) 7/1/11 – 6/30/13 1.2 Cal Months 
Sidney Kimmel Foundation for Cancer Research $200,000 
Can cetuximab induce synthetic lethality with PARP inhibition in head and neck cancer? 
The major goal of the project is to determine the mechanisms by which cetuximab induces 
synthetic lethality with PARP inhibition. 
Role: Principal Investigator 
 
Bo Johnson Memorial Foundation (PI: YANG) 11/1/11 – 10/31/12 
Pilot Project Grant for Esophageal Cancer  $50,000 
Targeting EGFR Pathways to induce Synthetic Lethality of Esophageal Tumors to PARP 
Inhibition 
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The major goal of the project is to target EGFR to render esophageal tumors susceptible to 
PARP inhibition 
Mentored grant for Alexander Whitley, MD, PhD 
Role:  Principal Investigator/Mentor 
 
Pilot Grant Award (PI: YANG)   1/1/12 – 12/31/12 
Breast Cancer Research Foundation of Alabama $25,000 
DNA repair independent mechanism of PARPi susceptibility 
The major goal of the project is to determine the DNA repair independent mechanisms by which 
tumors are susceptible to PARP inhibition 
Role:  Principal Investigator  
 
Career Development Award (PI: YANG)  9/1/10 – 8/31/12 0 Cal Months 
UAB/NIH BREAST SPORE    $100,000 
Targeting HER pathways to render triple negative breast cancer cells susceptible to PARP 
inhibition 
The major goal of the project is to convert triple negative breast tumor susceptibility to PARP 
inhibition by targeting HER pathways with lapatinib. 
Role: Principal Investigator 
 
Translational Research Pilot Award (PI: YANG) 5/1/11 – 4/30/12 0 Cal Months 
UAB Center for Clinical and Translational Science $60,000 
Targeting EGFR pathways to induce synthetic lethality of head and neck tumors to poly (ADP-
Ribose) polymerase inhibitors (PARPi) 
The major goal of the project is to induce synthetic lethality using EGFR and PARP inhibition in 
vivo in mice bearing orthotopically implanted head and neck tumor xenografts. 
Role: Principal Investigator 
 
UAB X101214005 (PI: YANG)   5/15/2012 – Present 
UAB Radiation Oncology    $5,000 
A retrospective analysis of DNA repair and EGFR pathway molecular markers in HER2/Neu 
positive breast cancer patients in order to predict response to PARP inhibition 
Mentored intramural grant for Lisa Klepczyk, MD 
Role: Principal Investigator/Mentor 
 
UAB X110504004 (PI: YANG)   3/1/2012 – Present 
UAB Radiation Oncology    $8,500 
Pilot study of the molecular determinants of cellular susceptibility to PARP inhibition in an ex-vivo 
model of human cervical cancer 
Mentored intramural grant for Aleksander Dragovic, MD 
Role: Principal Investigator/Mentor 
 
UAB X1219 (PI: JACOB)    5/1/2012 – Present 
UAB Radiation Oncology    $3,500 
Molecular determinants of cellular susceptibility to PARP inhibition in an ex-vivo model of human 
cholangiocarcinoma 
Role: Co-Prinicipal Investigator 
 
Career Development Award (PI: JACOB)  1/1/11 – 12/31/12 0 Cal Months 
UAB/NIH PANCREATIC SPORE   $50,000 
Radiosensitization and SPARC interactions of ABI-007 in pancreatic cancer 

17



The major goal of this project is to assess interactions and molecular determinants of the nano-
albumin-bound paclitaxel (Abraxane, or ABI-007) with the SPARC protein that can determine 
response of tumors to Abraxane, radiation, or other chemotherapies. 
Role:  Co-Investigator 
 
IMPACT Award (PI: YANG)    7/1/10 – 6/30/12 0 Cal Months 
UAB School of Medicine     $150,000 
This award supports biomedical research aligned with the research priorities of UAB, including 
the UAB School of Medicine’s research strategic plan, and is used for recruiting and setup of Dr. 
Yang’s laboratory. 
Role:  Principal Investigator 
 
COMPLETED: 
5F30ES005910-04 (PI: YANG)    4/1/02 – 6/30/05 
National Institute of Environmental Health Sciences, National Institute of Health  
NRSA F30 Fellowship Grant 
Vitamin D mediated growth inhibition of prostate cancer cells 
Role: Principal Investigator 
 
RR0725 (PI: YANG)      7/1/07 – 12/31/08 
Radiological Society of North America Research and Education Foundation  
Role of lithium and specific GSK-3 inhibitors in neural protection during cranial irradiation 
Role: Principal Investigator 
 
Microgrant, CTSA UL1RR024975 (PI: YANG)  3/1/08 – 11/30/08 
Vanderbilt Institute for Clinical and Translational Research 
Targeting BRCA1 location to enhance prostate cancer sensitivity to PARP inhibitors 
Role: Principal Investigator 
 
Microgrant, CTSA UL1RR024975 (PI: YANG)  3/1/08 – 11/30/08 
Vanderbilt Institute for Clinical and Translational Research 
BRCA1 subcellular localization and lung cncer response to Tarceva 
Role: Principal Investigator 
 
RR0813 (PI: YANG)      7/1/08 – 12/31/09 
Radiological Society of North America Research and Education Foundation  
Neuroprotection via enhanced repair of radiation-induced DNA damage by GSK3 inhibitors 
Role: Principal Investigator 
 
Resident Research Grant (PI: YANG)   7/1/08 – 12/31/09 
American Society for Therapeutic Radiology and Oncology  
Targeting homologous recombination repair to sensitize cancer cells to PARP inhibitors 
Role: Principal Investigator 
 
Microgrant, CTSA UL1RR024975 (PI: YANG)  9/1/08 – 3/31/09 
Vanderbilt Institute for Clinical and Translational Research 
GSK3 inhibition and DNA repair 
Role: Principal Investigator 
 
Pilot Grant Award (PI: YANG)    2/1/2011 
Fighting Children’s Cancer Foundation    

18



Funds were used to generate preliminary data investigating mechanisms of neuroprotection by 
GSK3 inhibition 
Role: Principal Investigator  
 
OTHER: 
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